Abstract
INTRODUCTION
Atheroembolic renal disease (AERD) is an important yet underdiagnosed kidney disease that remains in need of further research. It can manifest as isolated renal disease or as a part of systemic atheroembolic disease [1] . AERD is caused by occlusion of the small arteries in the kidneys due to embolizing cholesterol crystals arising from ulcerated atherosclerotic plaques [2] . AERD generally occurs in patients aged > 60 years and generally complicates widespread atherosclerosis [3] . Increased invasive procedures, awareness, and patient longevity with atherosclerotic vascular disease as well as routine use of thrombolytic and anticoagulants in clinical practice are some of the main reasons behind the increase in incidence of AERD [4, 5] . Although 60%-80% of cases occur following invasive procedures like angiography or vascular surgery, spontaneous cases are not uncommon [3, 6] . Studies have shown poor renal outcomes and patient survival rates associated with AERD [3] . The dialysis requirement in AERD is variable per several studies as 37%-61% [2, 7] . Moreover, the 1-year reported mortality rate associated with AERD is very high and variable at 13%-81% [8, 9] . Here we report a case of rapidly progressive renal failure initially managed as cytoplasmic antineutrophil cytoplasmic antibodies (c-ANCA) associated renal disease but subsequently diagnosed as AERD that responded surprisingly well to steroid therapy.
CASE PRESENTATION

Chief complaints
A 62-year-old woman with a history of stage IIIa chronic kidney disease (CKD) was referred to our hospital for rapidly worsening renal function with hyperkalemia and metabolic acidosis. Her baseline creatinine level was 1.5 mg/dL but had increased to 5.62 mg/dL over a period of 4 mo.
History of present illness
She has noticed bilateral lower-extremity edema and dyspnea on exertion 2 wk prior to the presentation. She denied any hemoptysis, chest pain, nausea, or vomiting. She had two episodes of epistaxis about a month prior to admission. She had two admissions over the prior 6 mo for hypertensive encephalopathy and influenza pneumonia with hypoxemic respiratory failure. There was no history of any invasive vascular procedures, use of radio-contrast agents, or treatment with anticoagulants or thrombolytic agents.
Her relevant medical history included poorly controlled hypertension, hyperlipidemia, transient ischemic attack (TIA), diastolic heart failure, reactive airway disease, nephrolithiasis status post-lithotripsy, and osteoarthritis with nonsteroidal anti-inflammatory drug usage.
Personal and family history
She reported no family history of renal disease or thrombosis. She was a non-smoker and not a current alcohol user.
Physical examination upon admission
Her vitals were within normal limits and physical exam was normal except for bilateral lower-extremity edema and diminished breath sounds at the lung bases.
Laboratory examinations
Laboratory examination revealed normocytic normochromic anemia, serum eosinophilia (10%), hyperkalemia, metabolic acidosis, elevated creatinine (5.2 mg/dL), and elevated blood urea nitrogen (69 mg/dL). Urinalysis showed few red blood cells (RBCs), granular casts, and microalbuminuria and was negative for eosinophil and red cell casts. Serology was positive for antineutrophil antibody, anti-cardiolipin IgM antibody, and c-ANCA; 1:320.
Liver function tests, troponins, creatinine kinase, serum magnesium, calcium, HbA1c, complement levels (C3, C4), serum immunoglobulin levels, coagulation studies including prothrombin time, protein C, S levels/activity, antithrombin III activity, and lupus anticoagulant were within normal limits. Additionally, D-dimer was positive, and factor V Leiden mutation was negative.
Her perinuclear ANCA, atypical pANCA, anti-histone antibodies, anti-doublestranded DNA antibodies, anti-glomerular basement membrane antibodies, myeloma panel (serum and urine protein electrophoresis and immunofluorescence), viral panel (hepatitis B, C; HIV serology), and urine toxicology tests were negative.
Imaging examinations
A retroperitoneal ultrasound showed diffuse cortical thinning suggestive of medical renal disease but negative for obstructive uropathy. Non-contrast-enhanced computed tomography of the chest, abdomen, and pelvis was unremarkable except for diffuse atherosclerotic changes in the aortic arch. An electrocardiogram showed normal sinus rhythm, without any significant ischemic changes. A transthoracic echocardiogram showed a normal ejection fraction and was negative for atrial myxoma, vegetation, or intracardiac thrombi.
Initial management
She was clinically volume overloaded and had no oliguria. She responded well with good urine output to intravenous diuretics. Hyperkalemia and metabolic acidosis were improved upon initial medical management. In the background of rapidly worsening renal function with a positive titer of ANCA and history of epistaxis, ANCA-associated vasculitis was suspected; thus, she was started on pulse therapy of IV methylprednisolone 1 g/d. A renal biopsy was postponed to day 4 after admission due to relative contraindications such as aspirin usage, poorly controlled hypertension, and the patient's inability to assume a prone position due to body habitus. Once she was medically optimized, an interventional radiologist performed the renal biopsy under anesthesia. She was discharged with prednisone 60 mg because the biopsy report was not yet available at the time of discharge.
FINAL DIAGNOSIS
AERD. The biopsy showed major pathology of atheroembolic kidney with minimal acute tubular necrosis (ATN) that was negative for glomerulonephritis ( Figure 1-4) .
TREATMENT
There is no specific treatment for AERD; rather, care is generally supportive. The aspirin and statin that she was on for risk factor control for prior TIA were continued upon discharge. Due to her steroid responsiveness as shown in isolated case reports in the past, prednisone 40 mg was continued with the intention of a slow taper. 
OUTCOME AND FOLLOW-UP
Her renal function continued to improve, and the serum creatinine level had declined to 2.9 mg/dL at the 1-mo follow up. An ANCA test repeated twice after her 1-mo follow-up visit was negative.
DISCUSSION
Rapidly worsening renal function in a patient with pre-existing CKD can be challenging, especially when the differentials are broad. In our patient, the differentials were broad, initially including all pre-, intra-, and post-renal causes. The normal retroperitoneal ultrasound excluded post-renal obstructive uropathies. She had a recent hospital admission within the previous few months for pneumonia, but there were no documented hypotensive, sepsis, or cardiorenal episodes to suggest a prerenal cause. Intra-renal etiologies include glomerular disease, tubular disease, interstitial pathologies, and vascular disease including medium-vessel vasculitis and thrombotic microangiopathies. History and physical exam findings were not strongly supportive of any of the above.
Although ANA tested positive, she had no other manifestations of lupus including renal biopsy evidence. She had a positive c-ANCA titer with a history of recurrent hematemesis but no significant hematuria, proteinuria, or dysmorphic RBCs; urinalysis revealed bland sediments. However, based on a high degree of clinical suspicion of ANCA-associated vasculitis, she was started on steroid pulse therapy. The biopsy confirmed predominant AERD pathology, and the presence of serum eosinophilia supported the above findings. In addition, computed tomography scans showed a significant atherosclerotic burden from the aortic arch to the abdominal aorta. However, she had no history of invasive vascular procedures, anticoagulation, or hemodynamic instability prior to the initial presentation.
Although the impact of technology upon health care is immense, diagnosing AERD remains challenging [9, 10] . The association between atheroembolism and ANCA positivity is exceedingly rare [11] . A recent literature review performed by Zhang et al [11] mentioned 12 cases (3 with c-ANCA, 6 with p-ANCA, 1 with both, 2 positive for ANCA by early indirect immunofluorescence) of cholesterol embolism with ANCA positivity. Of those 12 patients, the mean age was 69 years; 10 were males with multiple medical comorbidities [11] . One-third of the patients had spontaneous atheroembolism like our patient [11] . The role of ANCA in atheroembolic diseases remains to be elucidated. A positive c-ANCA result without any systemic evidence of vasculitis at the time of testing was reported previously in the literature attributed to various reasons like cross-reactivity, non-specific neutrophil-activating properties, and analytical false values [12] . Two forms of AERD have been reported [1] . Acute or sub-acute AERD manifests from a single episode or recurrent episodes of massive showering of cholesterol emboli from ruptured unstable plaques [1] . Conversely, the slow erosion of atherosclerotic plaques leads to chronic AERD [13] . Although aortic atherosclerosis is essential for diagnosis, few patients with aortic atherosclerosis develop AERD [14, 15] . Invasive angiography and vascular surgeries are the usual triggering factors for iatrogenic AERD [3, 9] . Hemodynamic instability and anticoagulation contribute to spontaneous cases of AERD [6, 16] . Anticoagulation leads to bleeding inside the plaque and subsequent rupture [5, 17] . Mechanical trauma plays a key role, while angiography, particularly coronary angiography, is the most common iatrogenic cause [1, 16] . In a good proportion (4%-13%) of cases, the disease remains idiopathic [4] . Cholesterol crystal embolization affects the skin, gastrointestinal system, kidneys, retina, lower-extremity skeletal muscles, and brain [18] [19] [20] . Two large renal biopsy studies [21, 22] revealed an AERD frequency of 1%, while other studies based on autopsies of elderly patients who died after aortography or aortic surgery reported a frequency of 12%-77% [15] . Risk factors include older age, male, diabetes, hypertension, hyperlipidemia, and smoking [4] . It is generally associated with other atherosclerotic diseases. Contrast-induced nephropathy (CIN) and ATN are associated with AERD [2] . In CIN, renal function declines 1-2 d after contrast exposure [23] Conversely, in AERD, the decline in renal function is delayed, varying from days to weeks, except in a few rare cases of massive large showers of emboli [23] . Serum eosinophilia is noted up to 80% of patients with atheroembolic disease [24] . It is very challenging to differentiate atheroembolic disease from vasculitis, particularly with multi-organ involvement including skin manifestations like livedo reticularis and purple toe syndrome [2] . Chronic forms are confused with ischemic nephropathy and hypertensive nephropathy [2] . When the clinical triad of a precipitating event, acute or subacute renal failure, and typical skin findings is present, a biopsy is not required [9] . The presence of eosinophilia generally supports the diagnosis of AERD [1] . Histopathology usually reveals cholesterol crystal emboli as biconvex needle-shaped empty clefts identified in the lumen of arcuate and interlobular arteries [1, 2] . These cells are referred to as ghost cells since they dissolve during processing [15] . Ischemic and inflammatory changes are observed in the lesions distal to the embolization [15] . Treatment is usually supportive and aims to restrict ischemic damage and prevent recurrent embolization [2] . Preventive management aims to avoid further precipitating factors, while medical intervention includes the aggressive treatment of hypertension, cardiac, renal failure, or optimal dialysis type [2] . No randomized controlled clinical trials of AERD treatment have been performed [2] . Belenfant and co-workers showed improvement in symptoms and nutritional intake with a low-dose steroid (0.3 mg/kg) in 18 patients with relapsing disease [25] . Dahlberg et al [26] and a few other studies showed the role of high-dose steroids [26] . Conversely, a prospective study of 354 patients with AERD showed no improvement in renal or patient outcomes [1] . Thus, steroid usage could play a role and may feature multi-system involvement, recurrent and progressive disease, and systemic inflammation [2] . Statins were justified with favorable outcomes in a few studies [3] , and isolated reports have shown success with iloprost, pentoxifylline, and low-density lipoprotein apheresis [2] Antiplatelet agents and low molecular weight dextran have not shown a benefit [16] . Although the role of steroids is controversial, we decided to continue the steroids at a lower dose since our patient's renal function showed significant improvement. One could argue alternative explanations like spontaneous resolution of the disease in the setting of ATN (especially when her repeat ANCA was negative at the 1-month follow-up), but further studies are needed to confirm this in the future. The highintensity statin was continued. We have limited data regarding the sequelae of AERD and renal outcome, requirements for dialysis, and survival rates [2] . Future research is needed regarding the potential benefits of steroids and statins [2] . 
CONCLUSION
In summary, AERD has become a recognizable cause of acute or chronic renal failure.
In cases like the above in which non-vasculitis was associated with ANCA tests, a high degree of clinical suspicion is required to pursue the diagnosis of spontaneous AERD in patients with clinical or radiological evidence of the atherosclerotic burden.
No specific treatment is available, and the potential role of statins and steroids requires exploration. 
